Sea level: In this report "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929) a geodetic datum derived from a general adjustment of the first-order level nets of both the United States and Canada, formerly called "Mean Sea Level of 1929." Approximate.
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INTRODUCTION
Background
The U.S. Geological Survey has been conducting investigations in cooperation with the U.S. Department of Energy (Interagency Agreement DE-AI08-78ET44802) as part of the Nevada Nuclear Waste Storage Investigations project. These investigations have included geological, geophysical, and hydrological studies to evaluate the suitability of Yucca Mountain, Nevada ( fig. 1 ), as a potential site for a nuclear-waste repository. To obtain the geologic and hydrologic information needed to evaluate conditions west of the potential repository site, several test wells were drilled in Crater Flat in Nye County, Nevada.
Purpose and Scope
This report summarizes the geohydrologic information obtained from test well USW VH-1, which was drilled to: (1) Obtain hydraulic test data from the Tertiary volcanic rocks, (2) determine the volcanic eruption prior to 1.1 million years before present in Crater Flat, (3) determine the cause of aeromagnetic anomalies east of Red and Black Cones ( fig. 1 ), (4) acquire samples of buried volcanic rocks for laboratory tests; and (5) acquire data about stratigraphy and structure in Crater Flat. Only the first objective is addressed in this report.
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Base from U.S. Geological Survey 1:250 000. Death Valley. California: Nevada. 1970 10 MILES 10 KILOMETERS Figure 1 . Location of well USW VH-1 and nearby geographic features in southern Nevada.
Previous Work
Until well USW VH-1 was drilled and tested, the only geohydrologic information available about Crater Flat was based on surface geologic and geophysical maps and regional interpretation of geohydrologic studies of Pahute Mesa (Blankennagel and Weir, 1973) and the south-central Great Basin (Winograd and Thordarson, 1975) .
Study Area
Well VH-1 in Crater Flat, southern Nevada, is about 2.3 km (kilometers) east of Red Cone, 2.6 km south-southeast of Black Cone, and about 6 km west of Yucca Mountain ( fig. 1) . The surveyed coordinates of the location are N. 743,355.81, E. 533, 624.95 (in feet) in the Nevada Central-Zone Coordinate System, and the ground-level elevation 1 at the well is 954.5 m above National Geodetic Vertical Datum of 1929 (NGVD of 1929 . Depths in this report refer to ground level as the datum. The well site is 23 km southeast of Beatty ( fig. 1 ).
Drilling Operations
Caving and sloughing of the hole wall of the test well were expected to cause problems during drilling and coring operations, so air foam rather than air or air mist was used as the circulating medium, because air foam gives better support to the wall of the borehole. Caving was an even more severe problem than expected, and a polymer gel was added to the air foam for drilling or coring some intervals.
Well USW VH-1 was drilled from October 28, 1980 , to January 16, 1981 . A hole 311 mm (millimeters) in diameter was drilled to a depth of 15.8 m, 244-mm casing was set, and the annulus filled with cement to the surface with 3.4 m 3 (cubic meters) of cement slurry (calculated annular volume was 0.42 m3 ). Then the hole was drilled to a total depth of 762 m by alternately drilling a 159-mm-diameter hole and cutting 100-mm-diameter cores (the cored sections were reamed to 159-mm diameter). Because of the problems caused by caving of the hole wall during hydrologic tests, the hole was reamed to 222-mm diameter to a depth of 278 m, and a 194-mm-diameter casing was set at 278 m and tack-cemented with 1.4 m3 of cement slurry. An abridged summary of the well history is presented in (table 2) . Caving, sloughing, and hole erosion caused problems throughout the drilling but were most severe in the top 275 m of the hole. As shown in the caliper log in figure 2, hole diameter exceeded 0.9 m in at least two intervals (depths of 16 to 18 m and 138 to 142 m). Caving was severe enough during testing to require setting and tack cementing casing to a depth of 278 m so that the hole could be held open during testing (see section "Hydraulic tests").
Hydrogeologic Setting
Geology
Crater Flat is a topographically and structurally complex basin that is partly filled with Tertiary volcanic rocks and alluvium. Major deformation during late Mesozoic and possibly early Tertiary time folded and thrustfaulted the Precambrian and Paleozoic carbonate rocks, siltstone, quartzite, argillite, and shale now exposed on Bare Mountain on the western side of Crater Flat. From middle Oligocene to Pliocene time, a second major episode of deformation accompanied by extensive silicic volcanism resulted in normal block faulting and probable volcanotectonic collapse, and Crater Flat became a greatly depressed block. Preliminary analysis of gravity and magnetometer data (D.B. Snyder and W.J. Carr, U.S. Geological Survey, oral commun., 1981) indicates that Paleozoic rocks may be absent beneath parts of Crater Flat; however, if they are present, Paleozoic rocks are at least 2,600 m below land surface. Remnants of two possible calderas beneath the northern and southern parts of Crater Flat are buried beneath deposits of later volcanic eruptions and alluvium. Volcanic activity in Crater Flat began in middle to late Oligocene time and ended during Pliocene time, except for small basaltic flows which have continued into Quaternary time. Began to make geophysical logs. Completed geophysical logs. Lost electric-log probe in bottom of hole. Pulled 114-mm-diameter casing out of hole. Set pump and made 2-hour pumping test at discharge of 3.9 L/s; drawdown inadequate for good test. Removed pump. Reamed hole to 222-mm diameter from 15.9 to 277.4 m.
Cleaned out hole to 757.1 m (top of electric-log tool.) Rigged down and removed rig from site.
lM Twisted off" commonly means a parting of the drilling collars or drill-stem tubing column by torsional shear; "fished" commonly refers to attempts to recover equipment lost in the drill hole. 
Occurrence of Ground Water
The first indication of water production by well USW VH-1 was during an air-lift test, when the hole was 371 m deep (table 4). Production was 0.008 L/s after 50 minutes and decreased to 0.0008 L/s after 120 minutes. Two hours after completion of the test, the static water level was 181.4 m below land surface. The hole had low productivity to a depth of at least 336 m, as indicated by 14 air-lift tests during drilling from 234.1 to 335.9 m (table 4). After the water-yielding zone at 371 m had been tested by an air-lift test, the static water level was only 181.4 m below land surface and more than 150 m above the top of the uppermost productive zone.
Most of the water pumped came from depth below 626 m, as determined by analyzing the temperature log and the temperature of the discharge at various rates and durations of pumping. From this analysis and from examination of the compensated formation-density (porosity) log, it was tentatively concluded that the major producing zone is the depth interval between 626 and 643 m. 
HYDRAULIC TESTS Description
A comprehensive program of well testing was planned, but because of adverse borehole conditions, no packer tests or radioactive-tracer surveys could be made. The only tests were six drawdown and recovery tests. After a short initial equipment test, a 4-day drawdown and recovery test was planned; a summary of the testing program follows.
Test 1, the short initial test, was made at a pumping rate of 3.9 L/s. Because the pumping rate was so low, the pump was removed from the well and replaced with a larger-capacity pump. The hole was reamed to 222-mm diameter to a depth of 277.4 m to accommodate the larger pump.
Test 2, made with a pump rated at 19 L/s discharge for the expected pumping lift, was not completed because severe caving of the borehole wall partly blocked the well below the pump and damaged the pump. Following 11 days of hole cleanout and reconditioning, a 194-mm casing was set and tackcemented to a depth of 277.5 m.
Test 3 lasted 4.17 days (6,000 minutes), had an average discharge of 15.4 L/s ( fig. 3) , and had a maximum drawdown of 4.41 m (fig. 3) . The test was considered acceptable and was used to estimate an aquifer transmissivity. Test 4, the recovery test that followed pumping test 3, had such an abnormal-looking data plot ( fig. 4 ) that the test was terminated after 2,960 minutes and 1.90 m of recovery. The recovery data showed apparent harmonic damping for the first 2 minutes, no significant change in water level for about 200 minutes, a more than 0.7-m decline in water level between 1,800 and 2,700 minutes, and a 0.5-m rise in water level between 2,700 and 2,960 minutes.
Explanations were sought for the unusual water-level fluctuations during test 4. One explanation for the apparent harmonic damping would be failure of the foot valve in the pump column with resultant surging in the well, but this failure had not occurred. No reasonable hydrologic explanation was apparent for the sudden decline and rise in water level after 1,800 minutes of recovery.
Test 5, was made because faulty electronics or instrumentation was suspected during tests 3 and 4. All test equipment used in monitoring water level was checked or replaced, and the well was pumped again during test 5 ( fig. 5) . Test 5 had a discharge of 15.0 L/s and had a maximum drawdown of 2.01 m after 1,140 minutes of pumping. A possible malfunction in the transducer is suggested because the drawdown data plots of tests 3 and 5 are different, although the discharge rates were similar (15.4 L/s during test 3, and 15.0 L/s during test 5).
Test 6, the recovery test that followed pumping test 5, had an abnormal looking data plot similar to the data plot for the recovery in test 4. The recovery data in test 6 showed apparent harmonic damping for the first 2 minutes, a nearly constant water level for about 10 minutes, and an 0.2-m rise in water level followed by an 0.5-m decline in water level between 10 and 1,140 minutes ( fig. 6 ).
None of the tests was wholly satisfactory because of problems caused by (1) caving and sloughing of the hole; (2) turbulent flow losses in the well and possibly the aquifer; (3) an increase in water temperature during pumping which caused the density of water to decrease; and (4) possibly other unknown factors in the well-aquifer system.
Analysis and Results
Various methods were used to analyze the hydraulic tests, including methods described by Ahrens and others (1981) , van der Kamp (1976), Jacob (1947), and Brown (1963) . These methods produced results of varying quality, as described below.
The pumping tests were analyzed using a method for estimating transmissivity from specific capacity (Ahrens and others, 1981, p. 161) . Because the drawdown and recovery curves were not well defined, standard methods such as the straight-line method (Ferris and others, 1962) were considered not to be applicable. Using the data from test 3, the transmissivity was estimated to be 450 m2 /d (meters squared per day); using the data from test 5, the transmissivity was estimated to be 1,000 m2 /d. Van der Kamp (1976) developed a method for analyzing slug tests for transmissivity. The method employs analysis of harmonic water-level fluctuations that can occur in the early part of a test, when conditions are underdamped. This method should be used with caution for drawdown and recovery tests, because the method was developed principally for slug tests. Van der Kamp's approach was attempted on test 4; and a value for transmissivity of 2,200 m2 /d was obtained from analysis of test 4 (fig. 4) .
Tests 1 and 3 were made at very different pumping rates; these tests were analyzed to determine the magnitude of head losses in the well that could have resulted from turbulent flow at the wellbore and in the aquifer. The analytical techniques included both Jacob's method (1974) and the Jacob-Rorabaugh equation (Rorabaugh, 1953; Blankennagel and others, 1981) . The analysis yielded values for laminar flow loss in the aquifer (41 percent of total hydraulic head loss measured) and for turbulent flow loss in the aquifer and the well (59 percent); the latter value probably is unreasonably large for wellbore losses, because the well is not cased and the discharge is only moderate (Jacob, 1947) . Therefore, the results of this analysis using Jacob's method and the Jacob-Rorabaugh equation are not presented.
Brown's method for estimating transmissivity from specific capacity was used to analyze test 1 (Brown, 1963) . Transmissivity estimated by this method is 2,000 m 2 /d, with an assumed storage coefficient of lxlO~4 , and 2,400 m2 /d, with an assumed storage coefficient of 1X10~6 . For this method, the specific capacity was calculated using drawdown that was corrected for turbulent flow loss in the aquifer and the well. Because this calculated value of head loss (59 percent) probably is greater than the actual, the calculated transmissivity probably is also too large.
CHEMICAL QUALITY OF GROUND WATER
A water sample from well USW VH-1 that contained little or no detergent and polymer gel was collected on February 11, 1981, just prior to the end of test 5; the chemical analysis is shown in table 5. The water is of the sodium bicarbonate type and is typical of water from saturated tuff (Blankennagel and Weir, 1973) beneath eastern Pahute Mesa, north and northeast of Crater Flat, and beneath Fortymile Wash, Yucca Flat, and Frenchman Flat (Winograd and Thordarson, 1975) . The uncorrected carbon-14 age of water is 17,000±170 years before present.
SUMMARY
At the site of well USW VH-1, the aquifer consists of the Topopah Spring Member of the Paintbrush Tuff and the Bullfrog Member of the Crater Flat Tuff, both of Miocene age. Results of six hydraulic tests using various methods of analysis provided transmissivity values that range from 450 to 2,200 m 2 /d. The aquifer probably consists of interconnected fractures in otherwise relatively impermeable rock. The water is of the sodium bicarbonate type and is typical of ground water from tuff in this area. 
in Mg/L Gross alpha suspended uranium natural, in H8/I* ' Gross beta, dissolved cesium-137, in pCi/L Gross beta, dissolved strontium-90, in pCi/L Gross beta, suspended cesium-137, in pCi/L Hardness, total as CaC03 , in mg/L----Hardness, onsite, noncarbonate as xReported as deviation in parts per thousand from the value of the Peedee belemnite standard. 2Reported as deviation in parts per thousand from the reference value of the Vienna standard mean ocean water.
3Reported as deviation in parts per thousand of the stable isotope ratio from the reference value of the Vienna standard mean ocean water.
Results of hydraulic testing of USW VH-1 were difficult to interpret because they could not be evaluated in the context of the regional hydrogeologic framework, and well-construction and hole conditions precluded thorough and proper testing of the well. Definition of the regional hydrogeologic framework could be improved if two more test wells were drilled in Crater Flat, one north of well USW VH-1, and the other southeast of the well, near the margin of Yucca Mountain. The hydrologic objectives of these wells would be to determine the areal distribution of the zone of moderate fracture permeability that occurs at well USW VH-1. These holes should penetrate deeper stratigraphic units than did well USW VH-1, because permeable fractured rock also probably is present in units deeper than the Bullfrog Member of the Crater Flat Tuff.
If additional holes were drilled in Crater Flat, each would need to have a larger-diameter surface casing than that of well USW VH-1, so that the open hole could be enlarged sufficiently to accept at least 244-mm casing. If caving and sloughing of the hole prevented hydrologic testing in the open hole, a casing could then be installed that would be large enough to accommodate both a pump and access tubing for the tracejector tool and other instruments.
